data about all IHCA events are not available in any national registries or other hospital databases. As a result, it has been difficult to determine the overall rate of treated IHCA at hospitals and if this rate is changing over time. Improved understanding of the scope of this problem is especially important, because wide variability in IHCA survival rates among hospitals suggest an opportunity for improved outcomes (8 -10) .
Our primary aim was to estimate the event rate of IHCAs that generate a resuscitation response in U.S. hospitals. To determine this estimate, we used data from the American Heart Association's (AHA) Get With the Guidelines-Resuscitation (GTWG-R, formerly known as the National Registry of Cardiopulmonary Resuscitation), a large multicentered database of IHCA with standardized data derived from the Utstein-style (11) cardiac arrest data reporting guidelines and the American Hospital Association annual survey, which provides detailed demographic information for U.S. hospitals. To determine whether incidence was changing over time, we also evaluated temporal patterns of event rate in GWTG-R hospitals.
MATERIALS AND METHODS
Since no single database has detailed information about all IHCAs, three approaches were used to estimate the annual U.S. event rate of treated IHCAs. These are detailed below.
Approach One: Event Rate Estimation Using GWTG-R and U.S. Annual Hospital Bed Days
The first approach involved determining the event rate of hospitals reporting data to the GWTG-R between January 1, 2003 and December 31, 2007 , and then multiplying this by the U.S. annual bed days during that time period. GWTG-R was used because it represents the only prospective database that includes detailed patient-level information about treated inhospital arrests in the United States (12) . The AHA's GWTG-R was constructed primarily for the purpose of quality improvement. Quality control and oversight for all data collection, analysis, reporting, and GWTG-R research is provided by the AHA.
Data are reported voluntarily from a nonrandom group of multiple acute care hospitals regarding inhospital resuscitations using Utstein definitions for inhospital arrest (11) . Utstein definitions derive from the International Liaison Committee on Resuscitation published a series of guidelines for uniform reporting of adult inhospital resuscitation research (11) . The data-base includes resuscitation events if the event generates an emergency resuscitation response by medical personnel and a resuscitation record. Research coordinators at each facility regularly abstract data from medical records and resuscitation review sheets regarding patient demographics, pre-event data, event data, and patient outcomes. Additionally, code-cart utilization and paging system records are consistently reviewed to ensure accurate identification of all arrests. All data are transmitted to a central database repository without any unique patient or hospital identifiers.
The treated IHCA event rate was estimated as the number of arrests (numerator) divided by bed days (denominator). Included in the estimation of the numerator were cardiac arrests in adult patients (age 18 and older) admitted between January 1, 2003 and December 31, 2007 to adult acute care hospitals generating a resuscitation response and reported to the GWTG-R. Pediatric hospitals were excluded. Arrests in hospital employees or visitors were excluded. Subsequent arrests in an individual patient were included in our analysis if designated as discrete IHCA events in the GWTG-R database. The denominator measurement, hospital bed days was selected to represent the inhospital population at risk for arrest, similar to person-time analysis (13) . Annual hospital bed days were determined from the American Hospital Association survey and then linked with the GWTG-R corresponding year of data.
The American Hospital Association survey has over 1000 inputs and collects data regarding hospital organization structure, service lines, personnel, finances, physician organization structures, beds, and utilization. Data are collected on a fiscal year basis from over 6,500 hospitals throughout the United States and associated areas.
Approach Two: Event Rate Estimation Using a Regression Model Based on Hospital Factors and GWTG-R IHCA Rates to Predict Event Rates at U.S. Acute Care Hospitals
The second approach involved using the event rates calculated in hospitals reporting data to GWTG-R to predict the event rates for all U.S. hospitals reporting data to the American Hospital Association annual survey based on these hospitals' volume, demographic, geographic, and organizational characteristics. The source and specifics of the variables used to characterize hospitals are defined below.
Hospital Volume. Measures of hospital volume were obtained from the American Hospital Association annual survey and included: number of beds, nurse-to-bed ratio, and percentage of intensive care unit (ICU) beds.
Demographics. Hospital-level estimates of inpatient racial composition (percentage of Medicare claims for black patients) were determined because delayed defibrillation has been reported for black patients with IHCA, and because of the relevance of this factor in other IHCA investigations (14, 15) . Estimates of patient income (mean zip-code linked median household income) were also evaluated based on calculations from a prior study (14) .
Geography. The geographic region (North, South, East, and West) of each facility was determined from census records. Regions characterized as urban were determined from the Medicare Hospital Cost Report Information System.
Organizational. Organizational hospital characteristics included trauma designation (level 1, 2, or other) and academic designation (member of the Council of Teaching Hospitals and Health Systems). These variables were ascertained from the American Hospital Association annual survey. The capability of a hospital to perform cardiac surgery procedures was also included and ascertained from Medicare claims based on billing codes for International Classification of Diseases, Ninth Revision, Clinical Modification code 361x, or Diagnosis Related Group, codes 106, 107, 109, 547, 548, 549, and 550.
Third Approach: Event Rate Estimation Using Weighted Averages for Select Covariates
For the third approach, U.S. hospitals were grouped according to academic designation (yes vs. no), urban (yes vs. no), and bed size (in deciles among U.S. hospitals). The average event rate for GWTG-R hospitals was then determined in each group (academic, urban, bed size). Within each group, hospitals not represented in GWTG-R were assigned the weighted average GWTG-R event rate for that group.
Statistical Analyses
Summary statistics were used to compare GWTG-R hospitals with all acute care U.S. hospitals (n ϭ 5445) reporting data to the American Hospital Association. Statistical significance across groups was determined using the chi-squared test.
First Approach. The number of arrest events at each hospital was divided by each hospital's annual bed days to determine the event rate of IHCA at GWTG-R hospitals. The numerator was determined from events recorded in GWTG-R and the denominator from the annual reported bed days per facility. The annual GWTG-R event rate was multiplied by the annual total bed days at all hospitals (2003) (2004) (2005) (2006) (2007) to generate an estimate of the national IHCA event rate. The average rate across years is reported.
Second Approach. A multivariable model characterized the incidence of cardiac arrest in GWTG-R data as a function of the following covariates: volume measures (number of beds, nurse-to-bed ratio, and percentage ICU beds), demographic measures (hospital racial composition and income), geographic measures (North, South, East, West, and urban), and hospital organizational measures (trauma, academic status, cardiac surgery capability). A negative binomial regression model of GWTG-R hospitals (with year as a dummy variable) was estimated after determining that event rates were excessively dispersed to satisfy the Poisson model assumptions (16) . Generalized estimating equations controlled for multiple observations of the same hospital across years (17) . Coefficient estimates from this regression model predicted event rate count for all hospitals who responded to the American Hospital Association survey. The correlation matrix used to model the correlation was autoregressive. The model is provided in Appendix A. Multiple imputation (number ϭ 5) estimated the valued of missing covariates (18, 19) . Multiple iterations of the imputation procedure were used to ensure that our national event rate estimate was robust to the imputed values.
Third Approach. All U.S. hospitals were classified into a matrix: 2 (academic) ϫ 2 (urban) ϫ 3 (bed size in terciles) for a total of 12 groups. The weighted average event rate for GWTG-R hospitals in each group was determined. Each hospital in each group not represented in the GWTG-R was assigned the GWTG-R average event rate for that group. The result was summarized as the average annual IHCA event rate across groups.
Temporal Patterns of the IHCA Event Rate at GWTG-R Hospitals. To evaluate the event rate over time, we estimated the event rate in hospitals (n ϭ 150) contributing data to GWTG for all years of the study period (2003) (2004) (2005) (2006) (2007) . We evaluated this subset of hospitals because other hospitals joined the registry at varied times during the study period. The annual event rate for each year of the study period is reported as events per 1000 bed days and compared across years using the test for trends.
All statistical analyses for this study were performed using SAS version 9.1 (SAS Institute, Cary, NC) and Stata version 11, College Station, TX. A p value Ͻ.05 was considered statistically significant. The Institutional Review Board at the University of Pennsylvania approved this study.
RESULTS
Hospitals reporting data to the GWTG-R (n ϭ 433) were compared with all U.S. acute care hospitals (n ϭ 5445) with regard to several hospital characteristics (markers of hospital volume, demography, geography, and organizational characteristics). Hospitals participating in GWTG-R were most similar to U.S. acute care hospitals reporting data to the American Hospital Association annual survey with regard to geographic distribution ( Table 1) .
The treated IHCA event rate at GWTG-R hospitals (n ϭ 433) was an estimated 0. age of 209.3 million bed days for the study period (2003) (2004) (2005) (2006) (2007) . Multiplying the annual GWTG-R event rate by the average U.S. bed days estimated 192,000 treated IHCA events in the United States annually. Using our regression model based on annual GWTG-R event rates and demographic, geographic, and organizational hospital factor covariates predicted 211,000 IHCA annually. Using our model of weighted averages based on bed days, academic, and urban status projected 209,000 annual U.S. treated IHCA.
In evaluating a subset of hospitals (n ϭ 150) contributing data to GWTG-R every year of the 2003-2007 study period, the event rate was noted to increase over time ( Table 2 and Fig. 1 ). The mean rate across all 5 yrs in this subset was 0.92/1000 (interquartile range 0.61 to 1.18) bed days.
DISCUSSION
Based on GWTG-R and American Hospital Association data we estimated that approximately 200,000 hospitalized patients are treated for cardiac arrest in the United States annually. These estimates suggest that a similar number of Americans receive attempted resuscitation each year from IHCA (ϳ200,000/yr) and outof-hospital cardiac arrest (ϳ175,000/yr) (2, 20) . This is consistent with prior reports estimating the annual incidence of sudden arrhythmic death between 184,000 and 462,000 (1, 21) . Because 21% of adults survive (and often with good neurologic outcome) to hospital discharge following resuscitation for IHCA compared with Ͻ8% following resuscitation for out-of-hospital cardiac arrest, the absolute number of Americans who survive cardiac arrests each year is much higher following IHCA than out-ofhospital cardiac arrest (2) . Collectively, our findings support that nearly 400,000 treated cardiac arrests occur in and outside of the hospital. Estimating this national average is important for understanding the burden of cardiac arrest and further underscores the need for sustained serious efforts to address this disease.
There is a paucity of data regarding the incidence of IHCAs in hospitalized patients. A few reports have estimated treated IHCA event rates (3-5, 22, 23) , and these studies varied substantially in terms of inclusion criteria and study populations. Some studies report the event rate for adult patients in a specific age range (e.g., elderly) or hospital location (e.g., non-ICU setting) (4, 23) . Other reports vary in terms of cumulative event rates at a group of hospitals compared with event rates at individual facilities (3, 4, 12, 23) . The definitions for treated IHCA and event rate also varied widely (5, 6) . Such heterogeneity makes comparisons across studies challenging. Further work is needed to better understand the wide variation in the reported incidence and outcomes of both IHCA and out-ofhospital cardiac arrest (1, 21) .
In this GWTG-R study, the standardized Utstein-style cardiac arrest data reporting guidelines were used, including consistent definitions and uniform data collection. Our estimates of event rate reflect U.S. registry data from adult patients, in ICU and non-ICU settings, and estimates of event rate that account for individual hospital bed days (a metric commonly used in hospital epidemiology [13] ).
It is important to contextualize our estimate of ϳ200,000 annual treated IHCAs in the United States and consider what the parameters should be for the national treated arrest rate. It is unrealistic for the national IHCA rate to be zero, as some arrests are not preventable. Inevitably, as hospitals provide care for critically ill patients, some of the ϳ200,000 IHCAs are expected and consistent with the end of the cycle of life. From a policy standpoint, it is important to understand the IHCA event rate in terms of arrests that are not inevitable but that are preventable.
These potentially avoidable arrests may represent a significant proportion of total estimated IHCA, since prior work suggests that approximately 100,000 preventable inhospital deaths occur annually in the United States (24) . An expert panel, medical chart review of cases from a district general hospital with house staff demonstrated that 62% of IHCA were potentially preventable (3). These cases were primarily due to diagnostic errors, delays in responding to abnormal hemodynamic parameters, delays in activating medical personnel, and lack of adherence to resuscitation guidelines/policies. Similarly, other reports using retrospective chart review have illustrated clinical deterioration at least 8 hrs before arrest in up to 84% of hospitalized patients (25) (26) (27) . Variability in do-not-resuscitate policies also likely represents differences in preventable IHCA rates since a hospital's approach to end-of-life care may impact which terminally ill patients receive aggressive resuscitation measures compared with comfort care (3, 28) . Overall, to better understand the magnitude of the U.S. IHCA event rate, future work is needed to determine the etiology of arrests (e.g., medical error, differences in do-not-resuscitate policies) that impact the proportion of preventable arrests that can be reduced to improve morbidity and mortality in hospitalized patients. This may also provide insight into some of the variability in IHCA arrest outcomes attributed to arrest time of day/day of the week (29) , time to defibrillation (10), or potentially modifiable process measures.
To evaluate the IHCA event rate over time, we restricted our analysis to the subset of hospitals (n ϭ 150) that contributed data every year of the study period, 2003-2007. This excluded hospitals joining GWTG-R after 2003, or those who joined and then discontinued data entry after 2003. The mean event rate (0.92/ 1000) for this subset was the same as the larger cohort (n ϭ 433), and the event rate in this subset was noted to increase annually.
The increase in IHCA event rates is likely multifactorial, and may reflect differences in reporting and classification, or an actual increase in arrest events. Although GWTG-R has strict and structured data collection guidelines, there may be differences in data reporting in this subset of hospitals. These hospitals could also be increasingly providing care for sicker patients, changing their strategies for treating critically ill patients, or changing their policies for endof-life care (e.g., do-not-resuscitate status, neurologic prognostication, withdrawal of care).
Our finding may also reflect that there have been few recommendations for how to optimally reduce IHCA rates over the past decade. Most of the recent AHA Emergency Cardiovascular Care Cardiopulmonary Resuscitation guidelines (2010), and those issued during the study time period (2005), focus on treatment strategies for cardiac arrest rather than best practices for prevention of IHCA (30 -32) . In addition, two approaches, implementing rapid-response teams and improving early identification of patients with do-not-resuscitate status, have not been shown reduce IHCA rates (8, 33, 34) . Future studies are certainly needed to better understand the factors contributing to IHCA event rates over time.
Limitations
There are several limitations to our study. Our event-rate estimates rely on the completeness of data entered into the GWTG-R registry, and only include cardiac arrests where resuscitation was attempted. Although participating hospitals are strongly encouraged to enter all event rates consecutively and the AHA provides rigorous quality control and oversight for all GWTG-R data collection and reporting, we cannot confirm that all IHCA resuscitation events were identified at each institution during the study time period using consistent Utstein IHCA definitions. Certainly, some cardiac arrests that occur in operating suites, ICUs, and other parts of the hospital may be treated without a hospital-wide resuscitation response and therefore not be included in the GWTG-R database. These limitations suggest that the actual rate of treated IHCAs in the United States may be even higher than 200,000/yr.
Using our first method, we are limited in our extrapolation of the IHCA event rate in GWTG-R hospitals to U.S. hospitals, and we acknowledge that GWTG-R represents a cohort of nonrandomly selected hospitals, which differ somewhat from the general population of U.S. hospitals. Some of these differences are due to the large number of U.S. hospitals (relative to GWTG-R hospitals) but reflect less clinically important differences. It is unlikely, that any existing database would capture incidence at small hospitals-and these hospitals are often underrepresented in registries (35, 36) . Importantly, however, GWTG-R includes ϳ24% of large U.S. hospitals and ϳ12% of medium U.S. hospitals (both of which represent significantly more bed days than small hospitals).
Additionally, to date, event rates cannot be extrapolated from existing administrative datasets or other national databases. Importantly, the estimate from this simplistic methodology was similar to the estimates from the other two methods.
Our second method is limited in that there may be additional key hospital factors or patient case-mix factors that were not include in our regression model, which may provide more optimal estimation of arrest rates. In addition, our use of imputation based on the smaller subset of GWTG-R hospitals to the larger group of all U.S. hospitals (where some of the covariate data were missing) may bias the estimation of confidence intervals.
For our third method, weighted averages were based on three commonly reported, typically relevant hospital factors. Once again, these estimates may be limited, however, since there may be other factors that may provide more accurate predictions for non-GWTG-R hospitals. Nevertheless, estimates from all three methodologies were remarkably similar.
Regarding the increasing IHCA event rate, individual facilities may have imple-mented strategies to improve their event rate, but this may not be reflected in the cumulative results.
CONCLUSION
Approximately 200,000 treated IHCA occur annually in the United States. A better understanding of the overall burden of treated IHCA in the United States is a first step in addressing this major healthcare and healthcare system problem.
